Based on 1,362 radiotelemetry positions, mean home range for 10 adult black-bellied fruit bats, Melonycteris melanops (Pteropodidae), in lowland rainforest at Mount Garbuna, West New Britain Province, Papua New Guinea, was 2.3 ha 6 1.2 SD. Mean core-use area of adults was 0.5 ha 6 0.4 SD, and mean long axis of home range was 370 m 6 90 SD. Core-use areas were associated with day-roost shelters or flowering bananas. Means of home range, core-use area, and long axis across home range were significantly larger in subadults than in adults. During the day, M. melanops roosted singly under banana leaves or in subcanopy foliage, often showing extended fidelity to day-roost sites. Adults excluded other same-sex adults from feeding territories around bananas, but mixed-sex pairs overlapped strongly. During the first 2 h of the night, individual bats made 69-99 flights of 2-to 139-s duration. Cumulative flight represented 24-36% of the 2-h sampling periods. The black-bellied fruit bat, Melonycteris melanops, is the largest obligate nectarivore (45-55 g) of the family Pteropodidae in the South Pacific region (Bonaccorso 1998). It is endemic within the Bismarck Archipelago of Papua New Guinea; however, 2 other species of this genus occur in the Solomon Islands. On New Britain and New Ireland, black-bellied fruit bats are ubiquitous in disturbed environments and forest edges from sea level to 1,600 m. This species often is the commonest bat in the Bismarck Archipelago where domestic bananas are grown in traditional Melanesian gardens or in modern plantations; however, M. melanops is rare in primary forests (Anthony et al. 2001; Bonaccorso 1998; Flannery 1995; Smith and Hood 1981) .
In tropical forests, the home ranges of frugivorous and nectarivorous bats that roost singly or in groups of ,20 individuals usually are smaller than 15 ha. This has been demonstrated in pteropodid bats in Papua New Guinea, including Syconycteris australis , Dobsonia minor (Bonaccorso et al. 2002) , and Macroglossus minimus (Winkelmann et al. 2003) . Similar home ranges have been reported in phyllostomid bats in neotropical forests, including Carollia castanea in moist tropical forests of Panama (Thies 1998) and for both C. castanea and C. perspicillata in wet tropical forests of Amazonian Ecuador . Small home ranges in bats living in tropical forests reflect the high production of fruits and flowers throughout the annual cycle (Bonaccorso 1979; Bonaccorso and Humphrey 1985; Smythe 1970) . A compact home range often is accompanied by small intraspecific overlap in core-use areas used for feeding. However, significant overlap in home ranges within and between bat species often occurs if shared food species produce large crops that are highly clumped. For example, D. minor, Nyctimene albiventer, and Paranyctimene raptor all may visit the same individual fig trees in Papua New Guinea and the former 2 bat species have small, overlapping home ranges.
The black-bellied fruit bat, Melonycteris melanops, is the largest obligate nectarivore (45-55 g) of the family Pteropodidae in the South Pacific region (Bonaccorso 1998) . It is endemic within the Bismarck Archipelago of Papua New Guinea; however, 2 other species of this genus occur in the Solomon Islands. On New Britain and New Ireland, black-bellied fruit bats are ubiquitous in disturbed environments and forest edges from sea level to 1,600 m. This species often is the commonest bat in the Bismarck Archipelago where domestic bananas are grown in traditional Melanesian gardens or in modern plantations; however, M. melanops is rare in primary forests (Anthony et al. 2001; Bonaccorso 1998; Flannery 1995; Smith and Hood 1981) .
We studied black-bellied fruit bats on the island of New Britain to learn how spatial and temporal patterns influence the life history and ecology of this bat. Specifically, we wished to quantify home-range size and determine if spatial overlap occurred among individuals. Our null hypothesis was that black-bellied fruit bats use space randomly. We here report our findings concerning home range, core-use area, territoriality, time budgets of flight activity, and roosting behavior of the black-bellied fruit bat.
MATERIALS AND METHODS
Study area.-Our study area at Walindi Plantation (58259S, 1508069E), West New Britain Province, Papua New Guinea, lies on the east flank of Mount Garbuna at an elevation of 50-200 m. Mean annual rainfall 15 km north of Mount Garbuna at Talasea is 4,157 mm (22-year mean-McAlpine and Keig 1983) .
This site consists of traditional gardens in private ownership. Coconut palms, domestic bananas, and cacao trees are interspersed among taro, cassava, sweet potatoes, and other garden crops. Forest remnants persist on ridges and in ravines. The study area was bordered at lower elevations by oil palm plantations and above by primary rainforest. Over the duration of the study, cultivation of garden crops intensified and the number and location of clumps of domestic bananas changed significantly. Several of the large, mature clumps of bananas that were day-roosts and foci of bat home ranges in May-June 2001 were gone in June-July 2003.
Radiotelemetry.-Black-bellied fruit bats were captured in mist nets; weight (g), sex, age class, and forearm length (mm) were recorded. Each bat was fitted with a color-coded plastic band (A. C. Hughes, Hampton Hill, United Kingdom) for individual recognition. The band passed through 2 slits cut in the patagium on either side of the 5th metacarpal. Bats were fitted with radiotransmitters (model MD-2CP, Holohil Systems, Carp, Ontario, Canada). We collected radiotelemetry information on 44 nights during 4 periods: 17 June-20 July 2001 , 3-13 April 2002 , 26 February-3 March 2003 June-9 July 2003. Fifteen bats were fitted with radiocollars, including 7 adult males, 5 adult females, and 3 subadults. Adult male A was collared and radiotracked in 2 different years. Age class (adult or subadult) was based on the degree of closure of epiphyseal growth plates of the phalanges (Kunz et al. 1996) . At the time radios were affixed, all females but 1 (in an early stage of pregnancy) were nonreproductive. Our transmitters were position-sensitive; they emitted 1 pulse/2 s when the bat roosted with the head downward, or 1 pulse/s when the body of the bat was horizontal relative to the ground (usually indicating flight). Transmitters were attached by collars and stabilized on dorsal pelage between the shoulders by Skinbond Surgical Cement (Smith and Nephew United, Largo, Florida) . Complete transmitter and collar units weighed 1.7 g (3-4% of body mass). To ensure rehydration of captives, bats were offered 15% honey-water solution to satiation before being released at the site of capture. Bats fitted with radiocollars were released within 2 h of capture, but were not intensively monitored until the following night.
We monitored output from the transmitters with 2 TRX-2000S tracking-receivers and two 3-element Yagi antennas (Wildlife Materials, Carbondale, Illinois). Tracking stations were established at mapped points usually within 20-150 m of activity centers for each bat. Receivers were moved as necessary to improve reception or to record multiple bearings on a stationary bat. Bearings were taken with handheld compasses (Suunto, Helsinki, Finland) and read to the nearest degree. Also, time, signal strength, and gain setting (from gradations added by us to the gain dial of the receiver) were recorded with each bearing. Many positions were determined by triangulation when a bat was stationary long enough for bearings to be sighted from 2 or more reference points. Other positions were calculated from single bearings along which distance was estimated from signal strength and gain (Law and Lean 1999; . Relationship of signal strength to distance was experimentally calibrated in the study area at standardized gain settings. Numerous comparisons of triangulation and single-bearing position determinations were equivalent in accuracy (615 m). Single-bearing determinations were used only when ,120 m from the transmitter and where extreme topographical features were avoided. On most nights each radiocollared bat was monitored between 1730 and 2300 h. Usually, 2 or more bats were monitored during a nightly tracking period. Sometimes an observer switched a single receiver from 1 bat to another. At other times 2 observers, operating 2 receivers, used walkie-talkies to coordinate simultaneous radiotracking of 1 or 2 bats. Positions within a bout of flight were recorded at not less than 1-min intervals. Because M. melanops was capable of flying across an entire home range in ,1 min, these positions were too infrequent to define flight trajectories. If possible, night-roosts were recorded each time the bat landed. With the exception of male K and female M, we rarely lost radiocontact with focal animals. If radiocontact was broken with a moving bat, contact usually was reestablished by walking toward the bearing of disappearance.
A map of the study area with a superimposed zero intercept and a grid of x-and y-coordinates was created from 126 reference points along approximately 2 km of connecting footpaths. The total area mapped encompassed 34 ha. Map coordinates of radiopositions for each bat were entered into a database and analyzed with Antelope home-range software (http://www.biology.ucsd.edu/research/vehrenbury/programs. html-J. Bradbury and S. Vehrencamp, in litt.). We used nonparametric Anderson Fourier analysis (Wilkinson and Bradbury 1988) to calculate minimum area probabilities (MAPs) for home ranges (MAP ¼ 0.95 probability activity points) and core-use areas (MAP ¼ 0.50 probability activity points).
We report all numerical results as means 6 SD. Means for sex and age class were compared for statistically significant differences (P , 0.05) by using 2-tailed t-tests.
We followed all guidelines for capture, handling, and care of mammals as approved by the American Society of Mammalogists (http://www.mammalogy.org/committees/index.asp).
RESULTS
Fifteen radiocollared black-bellied fruit bats were tracked during periods spanning 2-34 nights. Home ranges varied from 0.5 to 9.2 ha ( Table 1) . Size of home range was independent of the number of telemetry positions when sample size exceeded 50; 2 individuals with n , 50 positional data points were excluded from calculations of mean home ranges, long axes, and core-use areas. Because we found no significant differences due to sex (t-test: 2-sample, unequal variances, P . 0.05) in means of home range, core-use area, or long axis, data from all adults were pooled. Mean home range for adults (MAP ¼ 0.95, n ¼ 10) was 2.3 6 1.2 ha. Mean of the long axes across home ranges was 370.8 6 90.1 m. Mean core-use area (MAP ¼ 0.50, n ¼ 10) for all pooled adults was 0.5 6 0.4 ha. Core-use areas (MAP ¼ 0.50) ranged from 0.1 to 2.7 ha and represented 11.8-33.3% of the home range. The means of home range, core-use area, and long axis (Table 1) of 3 subadults were significantly greater than the respective means for 10 adults (2-sample t-tests with unequal variances, P ¼ 0.0003, P ¼ 0.02, and P ¼ 0.008, respectivley).
Home ranges were stable over the durations of the tracking periods (4-34 nights). Core-use areas of all black-bellied fruit bats contained 1-6 banana plants with active inflorescences (e.g., see Fig. 1A ). The primary core-use area used by male A in June-July 2001 was used again in April 2002 (Figs. 1A and  1B) ; however, additional area was added to its home range in April 2002. This extension of the home range largely resulted from visits by male A to 1 core-use area of female F (see inset square in Fig. 1B ) and some flight activity to the extreme northwest (Fig. 1B) . Female F frequently used night-roosts in the primary core-use area of male A (area of heaviest activity in Fig. 2 that was designated as core-use areas for both male A and female F by the Antelope software).
During the day, black-bellied fruit bats frequently sheltered on the undersides of dead and curling leaves of banana plants but also roosted in large-leafed trees in closed-canopy forest remnants. Bats roosting under banana leaves could be approached and viewed by observers but those roosting in subcanopy vegetation (>5 m aboveground) could not be located visually with binoculars despite our confidence in the precise roost trees from radiotelemetry. All adults established day-roosts within or adjacent to feeding patches. Subadult males made the longest nightly commutes from day-roost sites; for example, subadult male N commuted .400 m from its day-roost to the core-use area where it foraged for the longest periods.
Most adults used a small number of day-roosts within their primary foraging area. For example, male A used 3 different banana clumps on 9 days in 2001; in 2002 the same bat used 6 banana clumps on 9 days. The total area enclosing all dayroosts for male A in 2001 and 2002 was 0.2 ha (minimum convex polygon). Its home range in 2002 was 3.0 ha (Table 1) .
Three black-bellied fruit bats, for which we conducted 2-h time-budgets by using position-sensitive radiotelemetry, were in flight between 24.3% and 35.8% of the sampling periods. Flight activity was sampled beginning immediately after the evening emergence of each respective bat. The moon was below the horizon and there was no appreciable rain during our time-budget measurements. Mean flight time per bout of flight in these 3 bats ranged from 20.8 to 30.7 s (Table 2 ) and the 
DISCUSSION
The movements of individual black-bellied fruit bats at Mount Garbuna were not random, but were highly clumped within small home ranges that varied from 0.5 to 9.2 ha. These home ranges are similar in size to those of 2 much smaller nectarivorous bats, S. australis and M. minimus (Winkelmann et al. , 2003 . Small home ranges are characteristic of solitary foliage-roosting pteropodids.
We suggest that at Mount Garbuna, adult black-bellied fruit bats of both sexes are territorial in order to defend rich patches of banana inflorescences. Each banana inflorescence opens new flowers nightly for periods .1 month thus permitting these bats to maintain spatially stable core-use areas over such time. However, consort pairs may share territories, at least seasonally. In each of our 3 years of study, adults of the same sex had virtually no overlap in core-use areas ( Figs. 3 and 4; but note the small disjunct core area for adult male I with single overlap points from adult males K and J in Fig. 4 as exceptions). Although most bats had areas of slight overlap (,5% of the total positions per bat) with other individuals in home range (MAP 0.95), there was only 1 case in which multiple individuals of both sexes overlapped in a single area. Males J, K, and I as well as females L and M all overlapped spatially in a small forested ravine with a stream at its bottom. This area of overlap is depicted for the males in the rectangle in Fig. 4 . We have no explanation for the attraction of this area. Because spatial overlap essentially was restricted to areas outside of core-use areas of adults, we conclude that adult black-bellied fruit bats habitually defend their core-use areas as feeding territories from other adults of the same sex.
In contrast, activity locations for adult male-female pairs strongly overlapped in space and time. In April 2002, 1 such pair was simultaneously radiotracked on several nights. Each night, male A and female F flew and roosted in one another's core-use areas. On 2 nights, we observed female F to roost in a flowering banana plant within the primary foraging area of male A while this male flew tight circles around her for several minutes. Other pairs of males and females showing broad overlap in space and time were bats E and G, I and L, and K and M. During 3 nights, male K and female M repeatedly disappeared and reappeared from radiocontact simultaneously in an area containing flowering bananas. Although we have no direct evidence of mating, the coordinated movements and behaviors of these paired bats suggest that these were consort pairs.
Subadult black-bellied fruit bats had significantly larger home ranges, long axes across home ranges, and core-use areas than adults (Table 1) . Two of the 3 subadults in our study sheltered in day-roosts that were .400 m from their most important foraging area. Adults usually occupied day-roosts ,100 m from an important foraging area. The 3 subadult bats, 2 males and 1 female, each overlapped with multiple radiocollared adults, and possibly with adults that were not radiocollared. For example, subadult male D overlapped with all 3 adult males shown in Fig. 3 . We do not know whether subadults are tolerated by adults or are chased from territory to territory. Eventually subadults must claim a vacant territory or displace a resident.
At Mount Garbuna, black-bellied fruit bats were strongly associated with domestic bananas, as indicated by observations that centers of activity usually proved to be banana patches with active inflorescences, bats were caught most frequently in nets set adjacent to banana inflorescences with open flowers, and day-roosts often were within banana patches. In addition, these bats are clearly adapted for nectar-feeding. Captive bats readily drank honey-water by rapid extensions of the tongue, similar to feeding mechanics described for M. minimus and S. australis by Winkelmann and Goedeke (2000) .
Day-roosts of black-bellied fruit bats were located by telemetry. Roosts were high in the foliage of tall trees in remnant forest patches or in banana plants. Bats roosting in bananas were 1st located by radiotelemetry; those that were then found by visual searches were always under dead or dying leaves. Such leaves were collapsed along the midrib and formed a natural tent around the bat. The coloration and posture of a roosting bat was highly cryptic. The reverse countershading fur color, burnt orange on the dorsum and black on the venter, is rare among mammals (Bonaccorso 1998; Nowak 1999) . Roosting bats were oriented such that the dorsal fur blended with brown and orange mottling on a leaf when viewed from below. Bats remained motionless in the day-roost, even when approached closely by humans, and only flew if the leaf was shaken strongly.
Flight activity of black-bellied fruit bats occupied from 24.3% to 35.8% of the active periods we monitored at Mount Garbuna and was characterized by frequent bouts of flight ranging from 2-to 139-s duration. Most flights were ,30-s duration. The shortest duration flights often were associated with 1-to 2-s pauses that we believe represented feeding at banana flowers (detected by slow radiosignal pulse rate during roosting posture). Longer flight times probably were associated with patrolling territory, tracking potential resource flowers, male-female consort behavior, or probing into territories of other bats.
Flight time budgets of Stenoderma rufum, a 25-g frugivorous phyllostomid bat, were documented by Gannon and Willig (1997) in rainforests of Puerto Rico. During moonless nights, the mean flight time of S. rufum, 26.9% of a night, was similar to the percentage of time in flight for M. melanops in our study. However, the mean number of flights per hour (4.0) taken by S. rufum were an order of magnitude fewer than we observed in M. melanops (Table 2) . Frugivorous bats typically consume a few fruits each night, which they carry in flight to night-roosts (Bonaccorso and Gush 1987; Gannon and Willig 1997; Morrison 1980) ; whereas nectarivores must feed at the flower. Frugivorous bats typically feed on a few, large individual ''packets'' of food (fruit) relative to nectarivores, which receive small volumes of nectar per flower visited; hence, nectarivores must make a large number of foraging flights compared to frugivores. Both S. australis and M. minimus usually spent 40-55% of the night in flight (J. Winkelmann and F. Bonaccorso, in litt.) . These smaller nectarivorous bats (17-20 g) undertake some flights exceeding 20 min. The larger body mass of blackbellied fruit bats probably requires more judicious use of flight than that of smaller nectarivores (von Helversen and Winter 2003) .
Black-bellied fruit bats apparently thrive in close association with humans where cultivated bananas occur in much higher density than do wild bananas in primary forest. This association between humans and black-bellied fruit bats probably has continued over most of the history of human presence on New Britain, Papua New Guinea, a span of at least 35,000 years (Summerhayes 2000) .
